In the oral cavity, tetracycline resistance is most commonly mediated by tet(M) and is often associated with Tn916 or closely related elements (5, 7) . The second most commonly isolated tetracycline resistance gene from the oral cavity is tet(W) (12) . Originally found on a large conjugative chromosomal element, TnB1230, in a rumen commensal (4), the tet(W) gene has since been found in other species of bacteria, and it is not associated with a TnB1230-like element in these organisms (2, 3, 10, 11) . However, it has been found in a mobile element called ATE-1 in Arcanobacterium pyogenes which is not related to TnB1230 (2) . In order to understand the genetic basis for tetracycline resistance in bacteria from the oral cavity, the tet(W) gene was cloned from a previously isolated Rothia sp. (12) , a species in which tet(W) is commonly found. Rothia spp. are gram-positive, facultatively anaerobic, nonsporeforming, nonmotile bacteria which are usually commensal, although they have occasionally been shown to cause disease (8) .
The methods for sampling, culture, and detection of tet(W)-containing strains have been described previously (12) . Plasmid DNA was isolated using QIAprep miniprep and midiprep kits by following the supplier's protocol (QIAGEN, Crawley, United Kingdom). When required, cultures were supplemented with tetracycline (5 g/ml). Genomic DNA was prepared from Rothia sp. strain T40.1 using a Puregene kit (Gentra, Flowgen, Nottingham, United Kingdom). Genomic DNA was partially digested with MboI (NEB, Hitchin, United Kingdom), and fragments between 4 and 15 kb were cut from an agarose gel and purified using a QIAquick gel extraction kit (QIAGEN). These fragments were ligated into BamHI-digested and dephosphorylated pUC18. Transformants containing tet(W) were selected on Luria-Bertani (9) agar plates containing ampicillin (50 g/ml) and tetracycline (5 g/ml). Plasmid DNA was isolated and digested with HindIII and EcoRI to liberate the inserts. One plasmid carrying the cloned tetracycline resistance gene and designated pPPMW was selected for further study. Approximately 7 kb of the 12.6-kb insert of pPPMW was sequenced by Lark Technology Inc.
FIG. 1. Schematic diagram of the deduced genetic organization of the 13-kb insert contained in pPPMW and the deletion derivative (pPPMW-1) after the spontaneous loss of tet(W). The predicted direction of the transcription of the genes is shown by the direction of the arrowed boxes. The vertical double-headed arrows represent disruption points of the ORFs. The ORFs (orf2 and orf3) coding for the ATPase are disrupted by the insertion of 34 extra nucleotides, and there is a point mutation in IS256 (orf6 and orf7) leading to the introduction of a stop codon. The single-headed horizontal arrows represent the identical sequences present in the deletion derivative and in the right end of the 13-kb insert (the sequences are 100% identical at the nucleotide level), and these sequences are repeated in the left end of the 13-kb insert (they are 99% identical at the nucleotide level). A series of primers were designed to amplify the regions between tet(W) and IS256 (Set1), IS256 (Set2), IS256 and downstream orf8 (Set3), mef (Set4), and ATPases and IS30 (Set5). The regions corresponding to the resulting amplicons are indicated by the horizontal double-headed arrows.
(Takeley, United Kingdom); the remaining sequence was obtained in-house using Big Dye terminator ready reaction mix version 3.1 and an ABI 310 genetic analyzer. Primers were designed using Primer3 software (http://frodo.wi.mit.edu/cgi-bin /primer3/primer3_www.cgi). Sequencing was performed on both strands and was analyzed using BLAST software (1). Bacterial identification was carried out as described previously (6, 12) . The pPPMW insert (accession number EF177463) contained nine potential open reading frames (ORFs) (Fig. 1 and Table1).
PCR primers were designed to amplify regions flanking the Rothia sp. strain T40.1 tet(W) gene. The binding sites of the primers are shown in Fig. 1 . The sequences of the primers and the sizes of the amplicons are shown in Table 2 . For each PCR, the conditions were as follows: 35 cycles of 1 min at 94°C, 1 min at 64°C, and 3 min at 72°C, with a final extension at 72°C for 5 min. A total of 20 oral isolates, previously shown by PCR to contain tet(W) (12), were tested. The isolates were divided into three groups (Table 3) . Group 1 contained four isolates (all from different human subjects) that had a genetic structure surrounding the tet(W) gene similar to that of Rothia sp. strain T40.1, and group 2 contained eight isolates (from a total of seven human subjects) that had partial homology to Rothia sp. strain T40.1. Group 3 contained eight isolates (all from different subjects) that did not produce any PCR products with the primer sets used, although two out of these eight isolates contained a mef gene and produced a PCR product with primer set 4 ( Table 3, 
group 3). The 286-bp sequence upstream of the Rothia tet(W) gene has 90% identity to the equivalent region upstream of tet(W) in the ATE-1 element of Arcanobacterium pyogenes (2). There is no homology between regions downstream of the Rothia tet(W) gene to regions flanking other tet(W) genes. In these other tet(W) genes, the 92 bp downstream of the gene are conserved in all tet(W) genes sequenced (4).
The tet(W) gene cloned in Escherichia coli was unstable, being lost after overnight culture in the absence of tetracycline. Plasmids were prepared from five tetracycline-sensitive colonies and digested with HindIII and EcoRI, revealing that an 11-kb sequence had been deleted (results not shown). One of the deletion derivatives, pPPMW-1, was selected for further study. When the Rothia sp. strain (T40.1) was grown in the absence of tetracycline, no loss of tet(W) was observed after 21 passages, showing that the gene is stable in its original host.
In pPPMW, there is a directly repeated sequence of 2,129 bp (orf1 and orf9, which are nearly identical mef genes) that flanks the region containing the tet(W) gene (Fig. 1) . DNA sequencing of the deleted derivative (pPPMW-1) shows that Ϫ9 per donor. However, further work is required to prove unequivocally that tet(W) cannot be transferred from this strain.
In conclusion, we have shown that the tet(W) gene is contained within a number of different genetic supports in oral bacteria. Furthermore, in Rothia sp. strain T40.1, the gene is linked to insertion sequences and flanked by directly repeated mef genes. Recombination between these direct repeats presumably contributes to the observed instability of the tet(W) gene in E. coli. 
